In this study, the effects of physical parameters (30-270 MPa of pressure, 3-57 min of time, and 1-49 o C of temperature) on pork quality were investigated. Response surface methodology was used in order to monitor and model the changes in pork quality under varied pressure conditions. As quality characteristics, shear force, water holding capacity (WHC) and the CIE color of pork were measured, and optimum pressure conditions were evaluated by statistical modeling. Pressure improved the WHC of pork at relatively low temperature (<25 o C); however, the opposite occurred with increasing temperature. Although pressure and temperature affected the tenderness of the meat, interaction effects among variations were not observed. At pressure levels higher than 200 MPa, the color of pork differed markedly from that of the untreated controls. In particular, differential scanning calorimetry (DSC) revealed marked evidence of myosin denaturation. The present study demonstrates that pork quality varies depending on pressure conditions.
Introduction
Of all the attributes of meat quality, tenderness is rated by consumers as the most important. Meat can be physically or chemically tenderized by one of several artificial means. High hydrostatic pressurization is a newly developed technique for tenderizing meat (Suzuki et al., 1993) . The variation in meat tenderness depends mainly on the post-mortem timing of high-pressure application. Macfarlane (1973) first proposed the use of high-pressure treatment to tenderize pre-rigor meat. The effects of pressurization on post-rigor muscle tenderness may vary depending on treatment conditions, particularly pressurization temperatures (subzero, refrigerated, and high).
Meat color is an important indicator of freshness and wholesomeness (Mancini and Hunt, 2005) ; however, highpressure treatment has been shown to trigger meat discoloration. On the other hand, Cheah and Ledward (1997) demonstrated that meat blooms more readily and retains its red color longer after pressurization. Jung et al. (2003) proposed that the increased redness of pressurized meat may be due to activation of the enzymatic system that is implicated in metmyoglobin reduction, thus resulting in a decrease in metmyoglobin content. In our previous study, we discovered that pressure-assisted frozen meat exhibited less redness with increasing pressure levels, whereas increasing pressure on refrigerated (4 o C) meat resulted in more redness.
By investigating the physico-chemical properties of pressurized meat, we found that the results lacked consistency mainly because different operational conditions were applied for several parameters, including pressure, temperature, and holding time. The overall physical quality of meat can be evaluated by its tenderness, water-holding capacity (WHC), and color. In this study, we explored the effects of varied pressurization conditions on meat quality, and we optimized pressure conditions to minimize the quality drawback caused by pressurization.
Materials and Methods

Materials
Porcine longissimus dorsi muscles (pH 5.4-5.6) were selected randomly from 6 carcasses from a local abattoir 24 h post-mortem. All visible fat and connective tissue 
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was trimmed, and the meat was cut into a rectangular shape (2 × 4 × 10 cm). All samples were obtained from the center of the muscle with its axis parallel to the fiber direction; the obtained samples were then vacuum-sealed in a poly-nylon pouch. All samples were stored in a refrigerator (4 o C) prior to pressurization, which took place within 24 h. All chemicals used in this study were of analytical grade.
High-pressure treatment High-pressure treatments were performed in a lab-scale high pressure unit as detailed in our previous study (Hong et al., 2005) . Briefly, the device consisted of 6 pressure vessels with a working volume of 300 mL, an air compressor (S-40; Seowon Compressor Co., Korea), a pressure intensifier (K2; Haskel International Inc., USA), a temperature controller (FP80; Julabo Labortechinik GmbH, Germany), and a data logger (MV104; Yokogawa Co., Japan). Ethanol was used as the compression fluid. The compression and depression rates were 2.4 and 23 MPa/s, respectively. To model the changes in quality, meat was pressurized at varying pressure levels (30-270 MPa), holding times (3-57 min), and initial temperatures (1-49 o C) as shown in Table 1 . Holding time was calculated from the point at which the targeted pressure level was reached. After pressurization was completed, samples were stored at 4 o C until analysis. To optimize the processing conditions, we superimposed all quality contour maps and estimated the best pressurization conditions by examining the regions in which the pork quality demonstrated minimum difference from the quality of the untreated controls. To estimate the relationship between regression models and the actual quality scores, we pressurized the pork samples at the estimated optimized conditions using the same equipment described above and compared the quality characteristics with the scores obtained from the regression models.
Assessment of water-holding capacity (WHC)
WHC was determined by a centrifugal method. Approximately 1 g of meat was weighed and added to a centrifuge tube with gauze (an absorbent). The samples were centrifuged for 10 min at 1,000 g by using an automatic refrigerated centrifuge (RC-3; Sorvall Co., USA) at 4 o C. After centrifugation, the meat was removed from the tube and weighed before and after drying. WHC measurements were expressed as the percentage of moisture remaining in the meat and were conducted in triplicate.
Determination of shear force
After receiving thermal treatment for 30 min at 75 o C, each sample was cooled under cold running water for 5 min, tempered at ambient for 1 h, and then cut into strips 1 cm in diameter, 4 cm in length, and parallel to the longitudinal orientation of the muscle fibers. Each strip was sheared using a digital gauge (DPS-20; IMADA Co., Japan) with the head speed maintained at 60 mm/min. The shear force was measured at least 24 times. of lightness, redness, and yellowness, respectively. The sample was oxygenated for 10 min after pressure treatment, and 6 measurements were obtained from each surface of the sample. The total color difference (∆E) was calculated numerically by comparing the color of the treated samples and untreated controls by using the following equation. 
Instrumental color measurement
E ∆ L *2 ∆ a *2 ∆ b *2 ∆ + + =
